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Introduction
Riparian zones are among the most ecologically important features of the landscape. In addition to regulating the structure and dynamics of aquatic ecosystems (Meehan et In rivers throughout the world, these processes have been impaired. Due in large part to anthropogenic changes in fluvial disturbance regimes, riparian ecosystems are among the world's most threatened (Tockner and Stanford 2002 ). Yet despite increasing awareness of the need to restore natural flow regimes for the preservation of riparian biodiversity, few studies have examined the effects of river restoration on riparian Helfield, R. Jansson, and C. Nilsson, personal observations). The removal of floatway levees should also allow more frequent disturbance of riparian habitats that had previously been shielded from all but the most infrequent, catastrophic floods. At the same time, the replacement of boulders within the stream channel is expected to increase channel roughness and flow resistance, resulting in more variable flow regimes and more frequent and spatially heterogeneous patterns of flooding .
Here we present a comparison of riparian vegetation at channelized and restored streams in the Ume River system. We hypothesized that restored sites would exhibit more frequent fluvial disturbance and correspondingly more diverse riparian plant communities. To evaluate this hypothesis, we measured patterns of flood frequency, species richness, evenness, and plant cover at channelized and restored sites in a paired design. The objectives of this study were to assess the effects of river restoration on riparian plant communities and, in so doing, to elucidate the relationship between changes in fluvial regimes and riparian biodiversity. Vegetation data were analyzed at site and plot (i.e., quadrat) scales. At the site scale, species richness was calculated as the total number of species encountered within all of the 1-m2 quadrats at each site. Differences between channelized and restored sites were analyzed with a paired t test. Site-scale species abundance values were expressed as the total area (in square meters) covered by each species at each site, as calculated from cover percentages observed in all of the 1-m2 quadrats at each site. One-way analysis of similarities (ANOSIM) was then used to calculate the mean Bray-Curtis dissimilarity in species composition between channelized and restored sites, and similarity percentage (SIMPER) analyses were used to assess the percentage contribution of each species to the overall dissimilarity between the two treatments. ANOSIM and SIMPER analyses were conducted on nonstandardized, untransformed abundance data using PRIMER for Windows version 5.2.9 (PRIMER-E, Plymouth, UK).
Methods

Study sites The Ume River originates in the Scandes
At the plot scale, we analyzed patterns of species richness, total plant cover, and dominance (i.e., the inverse of evenness). Plot-scale species richness was calculated as the number of species encountered within each quadrat. Total plant cover was calculated as the sum of cover percentages recorded for all species within each quadrat. Dominance was calculated by dividing the cover percentage of the most abundant species within each quadrat by the total plant cover of that quadrat. Multiplication by 100 then provided a number between 0 and 100, with higher levels of dominance indicated by values approaching 100 (May 1975) . Plant species were then classified according to life form as either (1) graminoids, (2) forbs, (3) dwarf shrubs, or (4) trees and shrubs, and plot-scale species richness and cover values were calculated for each group. Percentage of substrate occupied by boulders was also analyzed at the plot scale.
Plot-scale data were analyzed using a split-plot analysis of variance (ANOVA) model with "river" (i.e., tributary) and "treatment" (i.e., channelized vs. restored) treated as between-subjects (i.e., between transects) factors and "distance" (i.e., quadrat) as a within-subjects factor (Quinn and Keough 2002). "Distance" and "treatment" were fixed factors while Ecologica^AppHcatk>ns "river" and "transect" were considered to be random. Analyses of normality and homogeneity of variance did not suggest the need for any data transformations. The split-plot ANOVA model was constructed using SY-STAT version 10 (SPSS, Chicago, Illinois, USA). These data were analyzed using a randomized block design ANOVA with "treatment" and "distance" as fixed factors and "river" as the random factor (i.e., blocking variable). These analyses were conducted using SPSS 11.0 for Windows (SPSS, Chicago, Illinois, USA).
Results
Background site characteristics
Among background site characteristics, only bankfull width differed significantly between channelized and restored sites (Table 1) . At the plot scale, the percentage of substrate occupied by boulders was substantially higher in quadrats at channelized sites than at restored sites and also differed significantly between rivers and distances (Fig. 3, Table 2 ). Significant interaction effects were detected between "river" and "distance" as well as between all three factors, but these did not appear to account for much of the variation in comparison with the strong effect of "treatment."
Total plant cover and species richness At the plot scale, total plant cover tended to be lower at channelized sites than at restored sites, particularly at distances of 1-2 m, 2-3 m, and 4-5 m (Fig. 4) . However, due to substantial differences in total plant cover between rivers and significant interaction effects between Fig. 3 . Percentage of substrate occupied by boulders within 1-m2 quadrats at each distance from the stream at channelized and restored sites (mean + SE). "river" and "treatment," this trend was not statistically significant (Table 3) . A similar but much stronger trend was evident for species richness, which was significantly higher in restored sites (Fig. 4, Table 3 ). Species richness was also significantly influenced by distance, with declines occurring at 9-10 m and further reductions at 14-15 m, although this varied between rivers as indicated by the significant two-way interaction term (Table 3) . Differences in species richness between channelized and restored sites were evident at all distances from the stream, as evidenced by the lack of a significant interaction effect between "treatment" and "distance" (Table 3) , although these appeared greatest at the intermediate distances of 1-2 m, 2-3 m, and 4-5 m (Fig. 4) . A significant three-way interaction between "river," "treatment," and "distance" was detected in the analysis, but the low F value suggests that this would account for little of the variability. Site-scale species richness (i.e., the total number of species encountered at each site) was significantly higher at restored sites relative to channelized sites (Table 1) .
Dominance
Similar species tended to dominate at all sites, although these varied with distance from the channel. Dominant species in the 0-1 m, 1-2 m, 2-3 m, and 4-5 m quadrats were predominantly grasses (e.g., Molinia caerulea, Calamagrostis purpurea, and Deschampsia cespitosa) and sedges (i.e., Carex spp.). The forb Filipendula ulmaria also dominated plant cover in many of the quadrats located within these distances. Plant cover in the 9-10 m and 14-15 m quadrats was most commonly dominated by the dwarf shrubs Vaccinium vitis-idaea, V. myrtillus, and Lycopodium spp. and, less frequently, by the grass Festuca ovina. Although this composition of dominant species did not vary substantially between sites, the degree to which these species dominated plant cover was significantly influenced by "river," "distance," and "treatment" (Table 3) . Significant three-way interaction between these terms was evident, but here too the low F value indicates that little of the variability can be accounted for by this. "Treatment" had the greatest effect on dominance with "distance" exerting a secondary influence. Dominance was significantly higher in quadrats at channelized sites for all distances, with the exception of 0-1 m, and tended to be greater in quadrats further from the stream (Fig. 5) . The most marked difference in dominance between channelized and restored sites was apparent in the 4-5 m quadrats.
Species composition
We found no significant dissimilarity in species composition between channelized and restored sites (ANOSIM global R = 0.074, P = 0.19). SIMPER analyses indicated a mean dissimilarity of 51.77 between the two groups. The only species to account for >5% of that dissimilarity was the purple moor grass M. caerulea (5.97%), which was more abundant at channelized sites than at restored sites.
Among the plant groups defined by life form, forbs were the only group to exhibit significant differences in cover or richness between channelized and restored sites (Table 4) . Both cover and richness of forbs were significantly higher in restored sites and declined significantly with increasing distance from the channel (Fig. 6) . Quadrats at 0-1 m appeared to exhibit the least amount of difference in forb cover and richness between channelized and restored sites. Due to significant differences between rivers, significant interaction be- tween "river" and "distance" was evident in the analysis of both variables (Table 4) . A significant three-way interaction between all factors was also apparent, but here too F values were comparatively low. This significant interaction effect was probably due to the large differences in forb cover between rivers, as there was no significant interaction between "distance" and "treatment" or between "river" and "treatment" (Table 4) . Although no significant patterns were found in the cover or richness of the graminoid plant group with relation to "treatment" (Table 4) , both of these also tended to be lower in channelized sites (Fig. 6) . This was particularly noticeable in terms of graminoid cover in quadrats at 1-2 m, 2-3 m, and 4-5 m from the channel (Fig. 6) . In the analyses, these patterns appear to have been masked by significant differences between rivers resulting in significant interactions between "river" and "treatment" (Table 4) . Although dwarf shrubs displayed a strong pattern of increasing cover and richness with increasing distance, little effect of "treatment" was apparent in this or the tree and shrub plant group (Fig. 6, Table 4 ).
Fluvial disturbance
Analyses of temperature data suggest that 8 of the 12 sites observed (three of six channelized, five of six restored) experienced at least one flood event during the autumn of 2004. Data were not recovered from two loggers due to malfunction. Of the 46 quadrats from which data were recovered, 19 were influenced by at least one flood event (5 of 23 channelized, 14 of 23 restored). Flood frequencies were significantly increased at restored sites relative to channelized sites (Fig. 7,  Table 5 ). This pattern was evident in all quadrats instrumented with data loggers, but was most pronounced in quadrats closest to the stream.
Discussion
The results presented here demonstrate that plant species richness and evenness are significantly enhanced at restored sites relative to channelized sites. The fact that flood frequencies were also increased at restored sites supports the hypothesis that these differences are due to changes in fluvial disturbance regimes following restoration. Analyses of background site characteristics indicate no systematic differences in channel morphology or riparian habitat among channelized and restored sites that might account for observed patterns of diversity (Table 1) . Channel width was significantly greater at restored sites, but this is most likely a consequence of restoration rather than a confounding variable (Lepori et al. 20056, Nilsson et al. 2005) . Similarly, the fact that boulders occupied a smaller percentage of riparian substrate at restored sites is likely a direct consequence of restoration efforts.
It is possible that observed differences in riparian diversity are due, to some extent, to the short-term effects of removing floatway structures and creating new areas for plant colonization. If so, these differences should be most evident in areas formerly occupied by boulders and/or floatway structures (i.e., plots closest to the stream). The fact that total cover and diversity of understory plants were enhanced in restored plots at all distances from the stream suggests the influence of broader-scale phenomena such as changes in fluvial disturbance regime. It can be difficult to separate the mechanisms by which fluvial disturbance affects riparian biodiversity. In addition to limiting competitive exclusion by dominants as described by the intermediate disturbance hypothesis (Connell 1978 The fact that species composition did not differ significantly between channelized and restored sites suggests subtle differences in competitive dynamics rather than wholesale differences in habitat characteristics or recruitment. Similarly, the fact that channelized and restored sites tended to be dominated by the same species, even if the degree of dominance varied, suggests that increased flood frequency affects competition and Evergreen species such as Juniperus communis and V. vitis-idaea might be adversely affected by freezing or scouring or they might benefit from being insulated by the ice. Nonetheless, these winter disturbances are spatially variable within the riparian zone and have the potential to affect site-scale patterns of species composition and diversity. As with summer and autumn flooding, winter flooding may be increased at restored sites due to the absence of floatway structure levees and increased abundance of channel roughness features such as boulders and woody debris, which aid in the formation of ice dams (J. M. Helfield, personal observation). Plate 1. Excavator removing a floatway structure previously separating a river channel from its riparian zone in northern Sweden. As the barrier is removed, boulders from the structure are relocated to the channel, thereby altering patterns of streamflow and fluvial disturbance. Such changes can enhance riparian biodiversity. Photo credit: C. Nilsson.
Conclusions
The idea that riparian restoration is an important strategy for the preservation and enhancement of stream habitat is well established (e.g., Kaufmann et al. 1997, Opperman and Merenlender 2004). The results presented here demonstrate that the reciprocal also holds true: River restoration can be an effective strategy for the enhancement of riparian biodiversity. The relatively short interval since restoration observed in this study (i.e., 3-10 years) suggests that results may be seen relatively quickly, although differences in species richness between channelized and restored sites may increase over time. It is unlikely that restoration will result in new species being introduced at the catchment scale, given that propagules are recruited primarily from upstream reaches, but more frequent disturbance may prevent some rare floodplain species from being outcompeted. It is worth noting that exotic species are largely absent from floodplain habitats in boreal Sweden (Jansson et al. 2000 , Dynesius et al. 2004 ). In more temperate regions, changes in disturbance regimes might facilitate the spread of invasive exotics, and it might be necessary for management agencies to weigh this concern against the potential benefits of increased species richness following restoration. Community responses to restoration will likely vary according to such factors as climate, species composition, channel morphology, and restoration technique. Nonetheless, this study illustrates how manipulation of fluvial regimes can influence riparian species composition. To the extent that riparian ecosystems support a disproportionate share of regional species pools, these findings have potentially broad implications for biodiversity conservation at regional or landscape scales.
